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Modification of ^^.icro-Organisins 

This invention relates to genetically modified 
microorganisms, to a method for their production to the 
use of such organisms, and to novel plasmids. 

Most genetic manipulation of microorganisms (i.e. 
5 modification of their genetic material, usually by inser- 
tion of foreign DNA) has involved the E.coli K12 organism 
or its biologically attenuated variants. E.coli, however, 
is found in man and there are advantages in employing an 
organism that is not normally found in man and which is 

10 less likely to infect him. 

Genetic manipulation of microorganisms is commonly 
employed with the object of introducing into a cell * foreign' 
genetic material (DNA) the "expression 'of. v.tiich enables that cell 
to produce metabolites, for example biologically active 

15 molecules, whether antibiotic, hormonal^ antiviral, or 

having other physiological or biological activity, which 
the cell in its 'natural', i.e. unmodified state, is 
unable to produce. To this end we have found it advan- 
tageous to employ as the host organism (that is, the 

20 organism into which the foreign DNA is ultimately inserted 
and which expresses it in the form of the desired 
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metabolite) a bacterium which is capable of using as its 
sole or principal carbon source either inorganic carbon, 
for exarr.ple in the form of carbon dioxide or a bicarbonate 
(i.e. an autotrophic bacterium), or methane or 'methyl' 
5 carbon (i.e. a me thy lotrophic bacterium) . 

A particularly valuable attribute of these organisms 
is their ability, when modified by the insertion of suitable 
foreign eukaryotic DNA, of expressing metabolites similar to 
or identical with that derived from higher, i.e. non- 
10 bacterial organisms while utilising relatively cheap sources 
of carbon. 

The foreign DNA may be naturally occurring, in the 
sense that it occurs, at least in its major sequence, in a 
different, preferably a higher organism, or it may be 
15 'synthetic', that is synthesised to match or copy a naturally 
occurring DNA at least in respect of a major part of its 
functional sequence. 

Accordingly, the invention provides an autotrophic 
or a methylotrophic bacterium comprising foreign DNA and 
2o capable of producing as a metabolite a product which in its 
unmodified state the organism would not produce. Preferably 
the foreign DNA is eukaryotic DNA. 

Especially useful in a commercial sense are 
bacterial metabolites having an effect in mammals, and 
25 particularly in man, and these may conveniently be obtained 
by expression by bacteria comprising genetic material 
derived from a mammalian, preferably human, source. 

Thus, a preferred microorganism according to the 
invention, is an autotrophic or a methylotrophic bacterium 
30 comprising eukaryotic, preferably mammalian, and particularly 
preferably, human DNA. 

xMethods for the introduction of foreign genetic 
material into bacteria have been widely described in the 
literature, but we have found that the infection of the 
35 microorganisms of the invention is most conveniently 
carried out using a plasmid of one of incompatibility 
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groups N, Q or W carrying the genetic material which 

it is desired to introduce into the bacterial cell. 

Accordingly, there is provided a method of intro- 
ducing into an autotrophic or methylotrophic bacterium 
cell genetic material foreign to that cell and capable 
of effecting expression in the form of a metabolite 
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10 



15 



20 



25 



30 



35 



having biological activity, by infecting the cell with a 
plasmid of one of incompatibility groups N, P , Q or W 
carrying genetic material which it is desired to introduce 
irito the cell. Plasmids of the Group Q are preferred. 

The concept of incompatibility groups is discussed 
in "DNA Insertion Elements, Plasmids and Episomes" Ed. by 
Bukhari, Shapiro and Adhys , Publ. Cold Spring Harbour 
Laboratory 1977 at p 601 et se^ (see also tables of 
plasmids in incompatibility groups at pp 607 to 668) . 

While many broad host-range conjugative plasmids such 
as RP4 (of the Inc P group 1) can be used for cloning, they 
are relatively large, exist in fairly lov copy number and 
may, therefore, not be ideal for some cloning purposes. 
Preferably small, high copy number, broad host-range 
plasmids are used for cloning. R300B (of the Inc Q group) 
is an example of this category, but despite its advantages 
as a cloning vector it has relatively few sites for the 
restriction enzymes used for cloning. 

It is therefore, sometimes advantageous to con- 
struct a composite plasmid capable of both stable main- 
tenance in the host and containing a convenient and 
suitable expression site for foreign (especially eukaryotic) 
DNA in the organism. This may conveniently be accomplished 
by introducing segments of DNA from other plasmids con- 
taining both a selectable marker ( e . g . Antibiotic Resistance) and 
suitable restriction enzyme sites. The method of con- 
structing such a composite plasmid is preferably one of 
broad applicability, e.g. capable of making composite 
plasmids based on a wide range of the plasmids mentioned 
above and on a wide range of expressing sites (e.g. 
within an antibiotic resistance gene; linked to a strong 
promoter for the bacterium or within a transposon) . This 
aspect is exemplified in the construction of the pGSS 
derivative pGSSlS described below. 

In the perfonrance of this as^t of the invention, a naturally 

occurring or a composite plasmid of one of the 
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incompatibility groups, N, P Q or \'l is modified by the 
incorporation of genetic materials derived from a "donor", 
i.e. material which it is desired to introduce into the 
host bacterium. This may be effected conveniently by a 
5 process comprising the steps of cleaving the plasmid DNA , 
bringing the fragments so obtained into admixture with 
fragments of host DNA obtained by cleaving host DNA 
material with similar DNA cleaving means and effecting 
random annealing of the mixture of DNA fragments so that 

10 a plasmid is obtained containing both plasmid and host 

DNA. This general procedure is well known and is further 
described and discussed for example in our UK Patent No. 
1521032. Insertion of the donor genetic materials may be 
into a naturally occurring plasmid or into a plasmid which 

15 itself is already a composite of DNA from different 
sources . 



DNA coding for the desired metabolite. The treatment 
required to prepare the donor material for transfer, for 
20 example extraction of DNA from the cells, may differ in 
different species , but such techniques are now well 
characterised and will be familiar to the skilled man. 



bacteria are known and have been described in the literature, 
2 5 for exairple Methylophilus spp, Pseudomonas spp, Alcanigenes sop, and 
Methylomonas spp. Specifically we may mention as examples 
Methylotrophus methylophilus . (ASl) 



The donor may be any suitable source, comprising 



Several examples of the methylotrophic class of 



- NCIB 10508 - 10515 and 10592 - 



10596, all inclusive; 

- NRRL B5352 - B5364 inclusive; 

- FRT 1215-1227 inclusive; 



Psuedomonas methylonica 



- the characteristics of which 



are described in UK 



Specification No 1451020 and 

a culture of which is deposited 



as follows: 



FRi 2247 and 2248 
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Pseudomonas methanolica 



Pseudomonas sp 



5 Methylomonas methanolica 



Pseudomonas utilis 



10 



Pseudomonas inaudita 



Methylomonas clara 



UK Specification No 1352728 
ATCC 21704; 

UK Specification No 1326582 
ATCC 21438 and 21439; 
UK Specification No 1420264 
NRRL B5458; 

UK Specification No 1444072 

FRl 1690 and 1691; 

UK Specification No 1444072 

FRi 1693 and 1694; 

USP 4166004 - ATCC 31226. 



NB: NCIB is the National Collection of Industrial 

Bacteria, Aberdeen; NRRL is the Collection maintained by 

15 the US Department of Agriculture, Peoria, Illinois; ATCC 
is the American Type Culture Collection; FRl is the 
Fermentation Research Institute, Japan. 

Typically, such micro-organisms may be aerobically 
cultured in an aqueous medium containing methanol as a 

20 source of assimilable carbon, together with necessary in- 
organic nutrients . 

Of the methylotrophes , our preferred microorganism 
for the purpose of the invention is Methylophilus and 
specifically M .methylotrophus . This organism, we have 

25 found, can be grown rapidly and ef f iciently , ' its 
toxicology has been investigated at 

length, and because it does not infect man and the higher 
organisms it is particularly safe for large scale bio- 
synthesis, and its genetic composition is well known, 

3Q Many autotrophic bacteria are known and have been 

described in the literature. Examples are Thiobacillus spp, 
Hvdrogenomonas spp, Chromatrium spp, Anacystis spp, 
Rhodospirillum spp, Nitrobacter spp, Rhodopse udomonas spp, 
and Paracoccus spp. 

35 Both anaerobic and aerobic organisms are known, 

as well as both facultative and obligate organisms; in 
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general we prefer to use obligate organisms as these 
allow greater control over processes involving them . 

Selection of an appropriate organism, for a 
particular process, whether autotrophic or methylotrophic 
5 will obviously be made in the light of the character- 
isation of the organism and the requirements of the 
process contemplated. Selection of organisms will present 
no difficulty to the skilled man in the light of the 
information available in the literature . 

10 

Construction and use of a Composite Plasmid-pGSS15 
Partially Haell digested pBR322 DNA was mixed with par- 
tially Haell digested R300B DNA, and treated with T4 DNA 
ligase at lO^C overnight (16 hours) . This ligated 

15 mixture was then introduced into E > coli strain WJB654 

by transformation of calcium treated cells and plated on 
L-agar containing tetracycline . Resistant colonies 
appeared after overnight incubation of the plates at 37^C 
and were replica plated onto medium containing ampicillin, 

20 streptomycin or sulphonamides . Colonies that had acquired 
resistance to all four antibiotics were picked off and 
grown separately, with selection for at least one of the 
antibiotics . 

Small scale cleared lysates were prepared of several 
25 colonies and the plasmid DNA analysed by gel electrophoresis . 
Colonies that contained plasmid DNA larger than the 
parent R300B DNA were picked and grown in liquid culture 
(L-broth) overnight and plasmid DNA isolated and purified 
by banding in cesium chloride equilibrium gradients - 
30 Restriction analysis of one of the plasmids, designated 
pGSS6, revealed the structure shown in Figure 1 i.e. a 
co-integrate of pBR322 and R300B. 

pGSS6 was treated with restriction endonuclease 
EcoRI and the cut DNA was treated with T4 DNA ligase at 
35 low DNA concentration (1-5 yg/ml) to favour self- 
annealing of the fragments. The ligated DNA was 
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transformed into E , coli WJB654 and some of the cells 
plated on medium containing ampicillin and some on medium 
containing tetracycline. After replica plating both sets 
of resistant progeny to look for other antibiotic 
5 resistances, two classes were isolated that were different 

from the parent pGSS6. 

One class was resistant to ampicillin and 
sulphonamides but sensitive to tetracycline and streptomy- 
cin, and the other class was resistant to tetracycline and 
10 streptomycin but sensitive to ampicillin and sulphonamides. 
The plasmids isolated from these two classes were designated 
pGSS9 and pGSS8 respectively (Figure 2) . pGSS8 contains the 
tetracycline resistance gene from pBR322 on the wide host 
range replicon of R300B. 

V7hen pBR322 was digested to completion with the 
restriction endonuclease Haell, a 1.87kb fragment was 
produced which carried the gene for 3-lactamase. This 
fragment was inserted into pGSSS by mixing totally Haell 
digested pBR322 with partially Haell digested pGSSB, 
20 treating with T4 DNA ligase then transforming E . coli 

■ strain NM36 and plating on L-agar containing ampicillin. 
Resistant colonies were checked for additional resistance 
to tetracycline and streptomycin. One colony was 
resistant to ampicillin and tetracycline, but sensitive 
25 to streptomycin. Plasmid DNA was isolated and analysed 

by restriction mapping, showing that the junction between 
the B-lactamase gene and the tetracycline had been re- 
constructed exactly as it appeared in pBR322. For this 
to happen, required a deletion of at least one Haell 
30 fragment from pGSSS to allow the tet gene to be recon- 
stituted by the small piece of this gene carried by the 
6-lactamase Haell fragment. This plasmid is designated 
pGSSlS (Figure 3) . 

Both pGSSB and pGSSlS can be mobilized into ASl, 
35 and other organisms by conjugal transfer mediated by a 
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conjugative plasmid. To introduce the "helper" 
conjugative plasmid into the E.coli strain carrying 
pGSSS or pGSSlS, cells of the latter strains would be 
spread over half of selective agar plates (i.e. the 
5 medium would not allow donor or recipient cells to grow, 
but would allow recipient containing newly acquired 
plasmid to grow) and donor cells streaked in e.g. WJB654 
(pGSSl5) cells (50pl of ^ 10^ cells/ml) were spread over 
half a glucose minimal agar plate containing 20yg/ml 
10 streptomycin and 50vjg/ml methionine (Streptomycin prevents 
V7JB654 (pGSSlS) from growing) . Fresh cells of BW162 
(R64 drd 11) were streaked across from the clean side of 
the plate into the WJB654 (pGSSlS) cells using a wire loop. 
(BW162 will not grow on glucose minimal medium with 
15 methionine, it required threonine and leucine). After 

incubation at 37^C for 36-48 hours streptomycin resistant 
colonies of WJB654 (pGSSl5/R64 drd 11) appeared and could 
be picked off and purified to single colonies. In a 
similar way, WJB6 54 (pGSS15/R64 drd 11) was streaked 
20 across into ASl cells spread on methanol minimal agar 
containing 500yg/ml of ampicillin. Resistant colonies 
were shown by alkaline denaturation lysates and gel 
electrophoresis to contain only pGSS15 plasmid. To 
demonstrate the potential of pGSS15, the murine dihydro- 
25 folate reductase (DHFR) gene, cloned in pBR322 from a 
homopolymeric tailed cDNA fragment by Chang et al 
(Nature 275 617-624, 1978) has been transferred to ASl. 
The plasmid pDHFR7 obtained from S. Cohen, Stamford, 
was pBR322 containing the DHFR cDNA fragment cloned 
30 into the PstI site within the 6-lactamase gene. The 
terminal transferase procedure used to clone the cDNA 
fragment regenerated PstI sites at either end, allowing 
the fragment to be cut out from pBR322 with PstI and 
separated by agarose gel electrophoresis. After 
35 staining the gel v/ith ethidium bromide the band of 
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DNA corresponding to the tailed cDNA fragment could be 
visualised under UV (330 mn) cut from the gel and the 
DNA recovered by electroelution in dialysis tubing. (The 
gel slice was placed inside dialysis tubing containing a 
5 small volume of ^/lO x tris acetate buffer. The tubing 
was just submerged in the same buffer in a tank with 
electrodes at either end. The DNA migrated out of the 
gel slice, into the buffer and up against the wall of 
the dialysis tubing after about 30-60 minutes at lOOv. 

10 Reversal of the current, for about 20 seconds freed the 
DNA off the tube and back into the buffer. The DNA 
solution was filtered through siliconised glass wool to 
remove any agarose, then passed through a 200yl column 
of Sephadex DE-52 in tris acetate. The DNA became bound 

15 to the column matrix and was then eluted off in 2 x lOOyl 
and 1 X 50yl of elution buffer, (2M NaCl , 50mM Tris HCl, 
ImM EDTA) . 

Addition of 750ul of absolute EtOH and chilling 
to -70^C for 5 minutes precipitated the purified fragment 
20 of DNA. 

O.Syg of pGSSlS DNA was linearised by digestion 
with Pstl, mixed with lyg of the DHFR fragment and ligated. 
E.coli WJB654 was transformed with the ligated mixture and 
plated oh glucose minimal plates containing lOyg/ml of 

25 trimethoprim. 216 out of 221 of the trimethoprim 

resistant clones were ampicillin sensitive, showing that 
the DHFR fragment had been inserted into that gene. Gel 
electrophoretic analysis of small scale cleared lysates 
showed that all the Tp^^ clones tested were the same size, 

30 and larger than pGSSlS, but that the Ap^Tp^ clones were 
also the same size. Pstl digestion of DNA from both 
species revealed identical patterns, and EcoRl/Bglll 
digests gave two different patterns corresponding to the 
DHFR fragment being in either orientation. However, only 

35 one orientation was functional, showing that transcription 



0037273 




10 



was from the S-lactaraase promoter. 

One such trimethoprim resistant clone designated 
pDHFR 7^ 2-43 was transferred to ASl in a manner exactly 
analogous to that described for pGSSlS. 
5 Mobilisation using R64drd 11 was preferred since 

this produced an ASl strain carrying only the pDHFR 
plasmid . 

DHFR assay 

10 Cells of WJB654 (pDHFR ^ 2.43) were grown at 

37^C overnight in glucose minimal medium containing 
50ug/ml methionine v/ith or without lOyg/ml trimethoprim. 
Cells of ASl (pDHFR ^ 2.43) were grown at 37^C overnight 
in methanol minimal medium with or without lOOyg/ml 

15 trimethoprim. After harvesting the cells by centrif ugation 
at 6K revs for 10 minutes, the pellets were resuspended 
in 3 vols 50mM potassium phosphate buffer pH 7 then 
subjected to disruption by sonication (4-6vi/ 4 x 30 sec. 
bursts with 60 sec. intervals) on ice in the presence of 

20 lOyM PMSF and lOyM benzamidine. Debris was removed by 
centrifugation, 15 min at lOK revs, then 60 min at 35K 
revs . 

The standard enzyme assay mixture contained: 
50uM dihydro folate; 60yM NADPH; 12miM 2-mercaptoe thanol ; 

25 50mM potassium phosphate buffer pH 7.0, and enzyme 

(normally lOOyl of sonicate) in a final volume of 1 ml. 
Decrease in absorption at 340 nm was measured over a 
period of up to 10 min. Protein concentration was deter- 
mined for each sample so that specific activities could 

30 be compared. The enzyme unit is described as that amount 
which causes a decrease in absorbancy of O.OlO per minute 
under the assay conditions described above. 
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TABLE 1 

DHFR activities (units/mg protein) 



E . coli 


E . coli 


ASl 


ASl (pHHFR) 


WJB654 


WJB654 (pDHFR) 






0.92 


1.6 


2 . 79 


25 .00 


0.48 


0.53 


2. 80 


16.60 






2 .17 


10.40 






(i) 0 ) 


(i) 2.4 ) 






) 


) 






(ii) 0 ) 


(ii) 0.48) 



The figures in brackets refer to the effect of 
(i) adding lOOug/ml of trimethoprim to the enzyme assay. 
The ASl activity is completely inhibited, as is expected 

20 for a bacterial enzyme, the ASl (pDHFR ^ 2.43) activity 
is reduced to about 25%, in keeping with observations 
that the mammalian enzyme is less prone to inhibition by 
trimethoprim, and (ii) changing the substrate to folate 
instead of dihydrof olate , and again as expected the 

25 bacterial enzyme^ from ASl was unable to use folate, but 
the ASl containing the cloned mammalian gene could use 
it, although less efficiently than dihydrof olate . 

pDHFR 7^ 2.43 has also been transferred, via 
plate crosses into Alcaligenes eutrophus and Methylomonas 

30 methvlovora where the cells are again rendered resistant 
to trimethoprim, and the plasmid has been shown to be 
present by alkaline denaturation isolation of DNA and 
electrophoresis . 
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Materials and Methods 



Bacterial strains : WJB654 is E . coli met B, rk" , mk , 
su^ obtained from W J Brammer, NM36 is E . coli pol A, 
rk"^, mk"^, su^, obtained from C Hadfield. The strains 
used for preparing in vitro BW162 is E . coli C600 Col 
thr leu thi Sm^ 



Plasmids 



pBR3 2 2 



4.36 2 Kb 



Ap Tc 



R300B Inc Q 8 . 5 Kb non conjugative 

mob"*" 



Su Sm 



R483 
R388 



Inc la 



Inc W 



tra 



tra 



Tp Sm 



To Su 



S-a 



Inc W 



tra 



+ 



CmKmSmSu 



Media 

E . coli strains were grown in Luria Broth (LB) on Luria 

broth agar (LBA) , or on glucose minimal agar (GMA) . 

LB: Difco Bacto Tryptone , lOg; Difco Yeast Extract, 5g; 

NaCl, 5g; glucose, Ig per litre adjusted to pH 7.2. 
LBA: Difco Bacto Tryptone , lOg; Difco Yeast Extract, 5g; 

NaCl, 5g; Difco agar, 15g per litre adjusted to 
30 pK 7 . 2 . 

GMA: 1 X Spizizen salts*; 0.2% glucose; Difco agar, 15 

per litre. 

'^Spizizen salts; (NH4)2 SO^ , 2g; K2HPO4 , 14g; KH^PO^ , 6g 
trisodium. citrate, Ig; MgSO^ . 7H2O, 0.2g per litre. 
35 ASl was grown in methanol minimal broth (MMB) or on 



0037273 




13 



methanol minimal agar (MMA) . 

MMB : (NH4) 2SO4 , 1 . 3g ; MgS04 . 7K20. O. 2g; NaH2P04 , 5 . 6g; 
K^HPO^, 7.6g; 0.97% FeCl3 solution, 0.1 ml; trace 
metal solution**, 1.0 ml per litre. 
5 **Trace metal solution: CUSO4 . 5H2O, 0.02g; MnS04.4H2O, 

O.Olg; ZnS04.7H20, O.Olg; CaC03 , 1.8g; IMHCI 36.6ml 
per litre. 
MMA: MMB + Difco agar, 15g per litre. 

Where necessary , amino acids were added to GMA 
10 at 50 mg per litre and antibiotics were added where 
indicated at the following levels; 



Antibiotic 


Symbol 


Level used 


in yg/ml 


E . coli 


ASl 


Ampicillin 


Ap 


30 


100 


Chloramphenicol 


Cm 


* ★ ★ 

25 


25 


Kanamycin 


Km 


10 


25 


Streptomycin 


Sm 


15 


15 


Sulfonamide 


Su 


1000 




Tetracycline 


X C 


J- \j 


0 _ 1 n 


Trimethoprim 


Tp 


7t * * 


100 



■k ie if 

not used in nutrient media, 

3 5 Isolation of plasmid DNA 

Cells from an 800 ml stationary phase culture of 
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the plasmid containing strain were harvested by centri- 
fugation then resuspended in 8 ml of ice cold 25% sucrose 
in SOnuM tris (hydroxymethyl ) aminame thane (Tris) , pH 8.0. 
Lysozyme was added ( 1 . 5 ml of a 10 mg/ml solution in 
5 water) and after 15 minutes on ice 1.5 ml of 0.5 M 

ethylenedi amine tetra- ace tic acid (EDTA) pH 8.5 was added . 
After a further 15 min on ice lysis was brought about by 
the addition of 12ml of 0.1% triton X-100 in 50 mM Tris 
pH 8.0, 62.5miM EDTA pH8.5. The lysate was then cleared 

10 by centrifugation at 18,000 rpm for 30 min and 20 ml of 
supernatant mixed with 19.5% cesium chloride and 1.25 ml 
of a lOmg/ml solution of ethidiiim bromide . This mixture 
was centrifuged to equilibrium (40 hrs at 40,000 rpm in a 
Sorvall T865 rotor) when the lower plasmid DNA band could 

15 be visualised by UV light and, after removal of the 

chromosomal DNA , could be collected with a syringe and 
18 gauge needle, by side puncture of the tube. 

The ethidium bromide was removed by extraction 
with isopropanol that had been equilibrated with cesium 

20 chloride. After 2 hrs dialysis against TE buffer ( lOmM 
Tris, 1 miM EDTA pH 7.2) the DNA solution was extracted 
twice with equal volumes of phenol saturated with 0.5 M 
Tris pH 8.0, then three times with ether . Excess ether 
was blown of f , the solution made O , 3M in sodium acetate 

25 and the DNA was precipitated by addition of 0.54 volume 
of isopropanol . 

Transformation of E.coli K-12 strains with plasmid DNA 
E . coli cells were rendered competent by treatment with 

30 calcium as follows: a fresh overnight culture of the 
recipient strain was diluted 1:50 in LB and grown at 
37^C with vigorous aeration, for approximately 100 min, 
then cooled rapidly on ice . The cells were pelleted 
by centrifugation at 4 ,000 rpm for 10 min and resuspended 

35 in 0.5 volume of ice cold lOmJ^ calcium chloride. After 
pelleting once more the cell s were resuspended in 0,05 
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volume of 75mM calcium chloride and kept on ice. 

200yl of these competent cells were mixed with 
0.1 - lug of plasmid DNA in lOOyl of SSC (150mM sodium 
chloride, 15mM tri-sodium citrate) and incubated on ice 
5 for 30 min. The mixture was heated at 42^C for 2 min, 
followed by a further 20 min on ice. The cells were 
then diluted 1:10 in LB and incubated at 37^C for 45-60 
min, to allow expression of plasmid encoded functions, 
then were concentrated by centrif ugation and resuspended 
10 in lOOyl of bacterial buffer (KH^PO^ , 3g; Na2KP04 , 7g; 

NaCl, 4g; MgSO^ . VH^O 0.2g per litre) before being plated 
out on selective media. This procedure typically pro- 
duced lo'^-lO^ antibiotic resistant colonies per yg of 
plasmid DNA. 

15 

Partial digests using restriction endonucleases 
lOyg of plasmid DNA were incubated with 5 units of res- 
triction enzyme (where 1 unit is defined as that amount 
of enzyme that will completely digest 1 yg of DNA at 

20 37^C in one hour) at 37*^C in a total volume of 200yl 

containing the buffer recommended by the enzyme supplier. 
At times, O, 5, 10, 20, 30, 45, 60 and 90 min from the 
addition of the enzyme, 20yl samples of the reaction 
mixture were removed and heated to 70^C for 10 min to 

25 stop the reaction. 5yl aliquots of each sample were 
then analysed by agarose gel electrophoresis. 

Comparison of the partially digested DNA to 
totally digested or linearised plasmiid DNA will give an 
indication as to the extent of digestion in each sample. 

30 

Ligations 

Typically, total DNA concentration was adjusted to 
5-30yg/ml by diluting 2-15yg of DNA in TN buffer 
(O.OIM tris HCl pH 7.5; 0 . IM NaCl). For a two-species 
35 ligation the DNA was incubated at 30^C for 15 min, for 
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self -annealing this was omitted. The buffer was made to 
66mM tris HCl pH 7.4; lOmM MgCl^; lOmM B -mercaptoe thanol ; 
ImM ATP and lOOug/ml gelatin, by addition of one tenth 
of a volume of a lOX concentrated, freshly prepared, 
5 stock, and then T4 DNA ligase added. (The ligase was 
a gift of C R Wilson and B Ely and v/as used at l-3pl/pg 
DNA) . The mixture was incubated at lO^C for 16-48 hour 
then used to transform E . coli , 

10 Mini cleared lysate isolation of plasmid DNA 

A 10 ml culture of the plasmid containing strain was 
grown overnight in media (LB or minimal) containing an 
antibiotic as required. The cells were harvested by 
centrif ugation at 6K revs for 10 min then resuspended 

15 in IBOyl of ice-cold 25% sucrose in 50mM tris HCl pH 8.0. 
50yl of lysozyme solution (lOmg/ml in water) were added 
and mixed gently on ice for 5 min. 50yl of 0.5 EDTA 
pH 8.5 were added and mixed for a further 5 min on ice. 
Lysis of the cells was brought about after 15 min by 

20 the addition of 250yl of triton solution (1ml 0.1% 

Triton X-lOO in 50mM Tris pH 8.0, 62.5mM EDTA pH 8.5). 
The lysate was cleared by centri f ugation in an Eppendorph 
centrifuge for 15 min and the supernatant extracted 
three times with equal volumes of phenol that had been 

25 equilibrated with 0.5 M Tris HCl pH 8.0. One further 
extraction with n-butanol, followed by two extractions 
with diethyl ether, was performed before making the 
solution 0.3M in sodium acetate and precipitating the 
DNA with 0.54 volume of isopropanol and chilling to 

30 -70°C for 5 min. The DNA was collected by centrif uging 
in an Eppendorph, decanting the supernatant and freeze- 
drying the pellet. Addition of 40ul of water produced 
a DNA solution that could be used for transformation, 
restriction and electrophoresis. 
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Preparation of Plasmid DNA by the Alkaline Extraction 
Method 

(Birnboim & Doly, Nuc.Acid.Res. 7, 1513-1523; 1979) 
10 ml cultures were grown and harvested as described 
5 above. The cells were resuspended in 1 ml of lysis 
solution (lysozyme 2mg/ml , 25mM Tris HCl pH 8.0, lOmM 
EDTA and 50mM glucose) and kept at 0*^C for 30 min . 2ml 
of alkaline SDS solution (1% SDS in 0.2N NaOH) were added 
and kept at O^C for a further 5 min, when 1.5 ml of high 

10 salt solution (3M sodium acetate pH 4.8) were added. 

After a further 60 min at 0*^0 the mixture was centrifuged 
at 15K rev for 10 min and 4ml of supernatant were care- 
fully removed. Addition of 10ml of cold absolute ethanol 
and chilling to -70^C for 5 min precipitated the DNA 

15 v;hich was collected by centrif ugation at 15K rev for 

15 min. The pellet was redissolved in 1ml of acetate/ 
tris (O.IM sodium acetate, SOmM Tris HCl pH 8.0) and 2ml 
cold absolute ethanol added. After chilling and centri- 
fuging as above, the pellet was redissolved in 200yl 

20 water to give a DNA solution suitable for transformations, 
restrictions and electrophoresis. This method was pre- 
ferred for rapidly preparing plasmid DNA from organisms 
other than E . coli . 

2 5 Electrophoresis 

0.5-1% agarose gels were used as 4mm thick, 12.5 x 
25cm horizontal slabs. Electrophoresis buffer contained 
40mM Tris, 20mM sodium acetate, 2mM EDTA adjusted to 
pH 7.8 with acetic acid. Prior to loading, one tenth 

30 of a volume of 20% ficol containing the dye bromophenol 
blue, was added. Electrophoresis was normally at a con- 
stant voltage of 150v for 2-3 hour or 40v overnight. 
After electrophoresis, gels were stained with ethidium 
bromide (lyg/ml) and photographed under UV illumination. 



0037273 




18 



Protein Assay (Micro Lowry) 

Reagents: 1% sodium potassiuin tartrate, 2% sodium 
carbonate , 

0.5% copper sulfate, Folin reagent. 

5 Method: 

Mix sodium carbonate, sodium potassium tartrate and 
copper sulfate solutions in the ratio 49 : 1 : 1. 
Take lOyl aliquote of sample and add water to make lOOyl. 
Add lOOyl IM NaOH and leave for 10 min . 
10 Add 1ml of copper sulfate reagent (prepared above) . 
Leave for 10 min. 

Add lOOul Folin reagent, diluted 1:1 with water, to 
vortexed solution . 

Leave for 30 min, then read OD55Q against water. 
15 The readings were compared to a standard curve made 

using Bovine Serum Albumin solutions containing 5, 10, 20, 
30, 40, 50, 60, 75 and 100 pg of protein. 
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BRL restriction enzyme assay 

ENDO R. Ava 1 
30 mM NaCl 

20 mM Tris-HCl (pH 7,4) 

10 mM MgCl2 

DNA 

Enzyme 
Assay 37^C 



conditions 



EDNO.R. Bam HI 

20 mM Tris-HCl (pH 8.0) 

7 mM MgCl 

100 mf4 NaCl 

2 m^4 2-mercaptoethanol 

assay 37°C 

DNA 

enzyme 



ENDO Bql II 

20 mM Tris HCl (pH 7.4) 

7 mM MgCl2 

7 mM 2-mercaptoethanol 
assay 37^C 



ENDO R-Hae II 

50 mM Tris-HCl (pH 7.5) 

5 mr4 MgCl2 

0.5 mM dithiothreitol 

assay 37^C 

DNA 

enzyme 

ENDO R. Hind III 

20 mM Tris HCl {pH 7.4) 

7 mM MgCl2 

60 mM NaCl 

assay 37°C 

DNA 

enzyme 



ENDO R. ECQ RI 

100 mM Tris HCl (pH 7.2) 

5 mM MgCl2 

2 mM 2-mercaptoethanol 
50 mM NaCl 
assay 37^C 
DNA 

enzyme 

ENDO R. Hinc II (Hind II ) 

10 mM Tris HCl (pH 7.9) 
1 mM dithiothreitol 
60 mr4 NaCl 
6 . 6 mM MgCl2 

1.0 yg of DNA 
Enzyme 

ENDO R. Pst I 

20 mM Tris-HCl (pH 7.5) 

10 mM MgCl2 

50 mM (NH^) 2S0^ 

lOOug/n^l BSA 

DNA 

Enzyme 
Assay 37^0 
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ENDO R. Sal I ENDO R. Sst I 

8 mM Tris HCl (pH 7.6) 14 luM Tris HCl (pH 7.5) 

6 mM MgCl2 6 mM MgCl2 

0. 2 mM EDTA 6 mM 2-mercaptoethanol 
150 mM NaCl 90 mM NaCl 

assay 37*^0 assay 37^C 

DNA DNA 
enzyme enzyme 
New England Biolabs 
"resi:riction "enz^^es 
Pvu I 

Assay conditions : 150 mM NaCl, 6 mM Tris-HCl (pH 7,4), 

6 mM MgCl2/ 6 mM 2-mercaptoethanol, 100 pg/ml bovine 
serum albumin and DNA . 
Pvu II 

Assay conditions: 60 mM NaCl, 6 mM Tris-HCl (pH 7.5), 

6 mM MgCl2/ 6 mM 2-mercaptoethanol, 100 pg/ml bovine serum 
albumin and DNA . 

The preceding description is exemplative of the 
methods that may be employed in the production of composite 
plasmids . It illustrates the derivation of a series of 
vectors from R300B using pBR322 as a source of additional 
genes. pBR322 is particularly useful as it has been 
sequenced and it is well understood. 

The process is illustrated schematically in the 
following diagram and in detail in subsequent Figures 

1 , 2 and 3 . 



21 



0037273 



EcoRl 




oriE 
pBR322 V4kb 



Haell 
partial 



R300B 8-5kb 



HaeE 



EcoRl 




EcoRl 



BamHI 
Sail 



EcoRl 



pG5S6 12-8kb 




pGSS9 




BamHI ^S°^^Sstl 



Sail 



Sail 



Haell 
partial 




pGSS15 1V3kb 



pGSSB 9-5kb 
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Thus, according to another aspect of the inven- 
tion there is provided a composite plasraid or cloning 
vector obtained by cleaving the plasmid R300B and 
effecting ligation in the presence of another cleaved 
5 plasmid comprising factors which it is desired to intro- 
duce into R300B, to generate a cointegrate (composite) j 
plasmid. 

According to a further aspect of the invention . 
there is provided a method of introducing into a bacterium, j 
10 particularly an autotrophic or methylotrophic bacterium, 
genetic material foreign to that bacterium and capable of 
effecting expression in the form of a metabolite, 
particularly a metabolite having biological activity in 
a different organism, by infecting the cell with a com- 
15 posite plasmid carrying the said foreign genetic material. 

A genetically modified organism according to the 
invention may be employed in a variety of applications, 
depending, of course, upon its physiology and upon the 
nature of the inserted DNA. 
20 Most conveniently it will be used in a biosynthetic 

mode, in a suitable nutrient medium, metabolite being 
passed out of the cell into the surrounding culture 
solution and extracted therefrom in the conventional way. 
Alternatively it may be cultured and harvested as the 
25 intact cell with subsequent extraction of the cells after 
separation from the medium. Such techniques are well 
known and require no further explanation. 

Examples of metabolites that may usefully be 
expressed by the organisms of the invention as a consequence 
30 of the introduction of a foreign, eukaryotic gene include 
insulin and human growth hormone as well as other hormones 
and antibiotic materials, e.g. penecillius. Many other 
potentially valuable metabolites will be apparent to the 
skilled worker in this field. 
35 Thus, in a further embodiment of the invention 

there is provided a method of effecting biological synthesis 
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using a methy lotrophic or an autotrophic bacterium com- 
prising inserted foreign, particularly eukaryotic genetic 
material . 

In particular there is provided a method of 
5 effecting biological synthesis using M.methylophilus 
comprising inserted foreign, particularly eukaryotic 
genetic material. 

The following example illustrates the insertion 
into ASl of genetic material coding for ovalbumin, and 
10 expression of this protein. 
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Example 
Outline 

The protein ovalbumin, which can be identified by immuno- 
logical methods, was used to denonstrate translation of 
inserted DNA at the Pst endonuclease site of plasmid pGSl5. 
The double stranded CDNA of the ovalbumin structural gene 
was isolated from the plasmid pov230 by restriction endo- 
nuclease Tag 1 cutting and extraction of the ovalbumin 
structural gene DNA from an agarose gel. The isolated 
ovalbumin CDNA was oligo ( dG) -oligo (dC) tailed into the 
Pst endonuclease site of pGSl5, which lies within the 6- 
lactamase gene. The hybrid DNA was used to transform 
E^coli PA340.22. Transf ormants , selected using L.agar 
containing tetracycline (10 yg/ml) which were found to be 
sensitive to Ampicillin (25 yg/ml) , were screened for the 
presence of ovalbumin DNA, using a modified colony hybrid- 
ization method. Positive clones from the hybridization 
were screend for the production of ovalbumin using an 
immunoradiometric assay. The plasmid R751 was used to 
mobilise hybrid plasmids from ovalbumin producing E.coli 
strains into Methylophilus me thylotrophus (ASl ) - 
Tetracycline resistant clones (1 ug/ml in methanol 
minimum agar) were screened for the production of 
ovalbumin . 

Construction of Hybrid DNA Molecules 

The plasmid pov230 was constructed by the insertion of 
the ovalbiam.in structural gene (cDNA) into the plasmid 
pMB9. The restriction endonuclease Tacj 1 was used to 
cut the plasmid pov230 and the ovalbumin structural gene 
DNA (Taq-OV) was extracted from an agarose gel using 
hydroxyl apatite. pGSlS DNA was linearised with the 
restriction endonuclease Pst 1. 

The following tubes were prepared: 
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TutiC 


DMA 


10 X Restriction 
endonuclease buffer 




Enzyme 


1 


pov230 
(7.5yg in 30vl) 


4ul 


2yl 


4pl Tag 1 
(%3 units) 


2 


pMB9 
{2yg in 30yl) 


4yl 


5ul 


lul Tag 1 
(^2 units) 


3 


FGS15 
(5yg in 21^1) 


4ul 


llul 


4pl Pst 1 
('x^S units) 



Tubes 1 and 2 were incubated at 65^C for 1 hour and Tube 3 
at 37^C for 1 hour. Approximately 0.2 yg of restricted 
15 UNA was run on an agarose gel alongside 0.2 yg of untreated 
DNA for each of the plasmids to check restriction completion. 
Isolation of Taq-ovalbumin structural gene (cDNA) 



1. 



2. 



5. 



The Taq l cut pOV230 DNA was run on a 1.5% agarose 
gel containing lyg/ml ethidium bromide for approx- 
imately two hours . 

The gel was viewed using ultra violet light and a 
narrow trough was cut into the agar immediately 
behind the required DNA bond. (The DNA band 
common to both pMB9 and pOV230 (slowest running 
band) was cut out to leave the trough) . 
The trough was filled with hydroxyl apatite, pre- 
swollen in Tris acetate buffer. The current was 
reversed so that the required DNA band was run 
into the hydroxyl apatite (^15 mins , 150 V), 
The hydroxyl apatite was transferred to a column 
of Sephadex G50 fine, prepared in a siliconised 
glass pasteur pipette and equilibrated with Tris- 
acetate buffer. 

The DNA was eluted with IM sodium phosphate buffer 
pH 7.5 and 200yl fractions collected. The fractions 
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containing the DNA were detected by drying a lOyl 
aliquot from each onto an ethidium bromide (Ipg/ml) 
agarose (2%) plate and viewing under UV light. 
The DNA, eluted in fraction 5, with a volume of 
200yl was phenol and ether extracted. 0.11 volume 
of 3M sodium acetate pH5 and 0.54 volume of iso- 
propyl alcohol was added to the extracted DNA and 
left overnight at -20^C. 

6. The DNA was centrifuged at 12,000 rpm for 5 minutes 
and the pellet washed with excess 80% ethanol. 
After recentrif uging the ethanol was removed under 
vacuum and the DNA resuspended in 200vil of Tris- 
EDTA buffer. 

7, An aliquot (Spl) of the isolated DNA was run on 
an agarose gel alongside the Tag l cut p0V230 parent 
plasmid, in order to confirm purity of the isolated 
fragment. 

Terminal addition of homopolymer tracts to double-stranded 
DNA 

A method described by Roychandhury et al was used to add 

homopolymer tracts of deoxyr ibonucleotide Guanidine to 

the 3' ends of linearised pGS15 DNA. Similarly homopolymer 

tracts of deoxyribonucleotide Cytosine were added to 

the isolated »Taq-OV' DNA. 

Two reaction tubes were prepared : 

1. ^HdGTP tailing of Pst 1 cut pGSl5 DNA . . 

5yCi of ^HdGTP was dried under vacuum (5^1) in a 1.5 m.l 
tube. (Specific activity 9Ci/mM) . The following were 
added to the tube: 

4ug of Pst l cut pGSl5 DNA {32vj1) 
144vj1 

2yl C0CI2 (100 mM) 

2u 1 Bovine serum, albumin ( 5mg/ml) 

20yl Terminal transferase reaction buffer 

The total volume in the tube was 200ul. Reactants were 

mixed and preincubated at 37^C for 30 minutes prior to 
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the addition of terminal transferase enzyme. (lyl^8 units) 
2 ■ dCTP tailing of isolated ovalbumin structural 

gene cDNA 

10 yCi of -^H dCTP was dried under vacuum (lOul) in a 1 , 5 ml 
5 tube (specific activity 18.4 Ci/mM) , The following were 
added to the tube : 
0,5yg isolated DNA (BOpl) 
141yl H^O 
2ij1 COC12 (100 mM) 

10 2yl Bovine serum albumin (5 mg/ml) 

20vl Terminal transferase reaction buffer. 

The total volume in the tube was 200yl. Reactants were 

mixed and preincubated at 37^C for 30 minutes prior to 

the addition of terminal transferase enzyme (lyl 8 units). 

15 At timed intervals lyl samples were removed from the two 
reaction tubes and each transferred to a tube containing 
0,4 ml of salmon sperm DNA (0.5 mg/ml in 0.2M NaPP pH 7.0). 
150 yl of 50% cold Trichloracetic acid (TCA) was added to 
each tube and the tubes were kept on ice for at least 10 

20 minutes. Each sample was washed through a 2.1 cm diam. 

glass Microfibre filter (GFC) (Whatman) with 50 ml of 5% 
TCA, followed by 15 ml of ethanol . Filters were dried 
in glass counting vials at 65^0 for 10 minutes and 10 ml 
of toluene/PPO was added to each vial. Samples were counted. 

25 The counts incorporated into the DNA were followed with 

each sample taken. The reaction in each tube was allowed 
to continue until a tail of 20 bases was added to the DNA 
samples . 

Considering the molecular size of the DNA used and 
30 the relative amount of labelled deoxyribonucleoside 

triphosphate it was calculated for pGS15 DNA that a value 
of 2010 dpm lyl sample corresponded to the addition of 20 
bases (i.e. 100. 5 dpm / p 1/base) . 

Similarly for the isolated 'Taq-OV* DNA it was 
35 calculated that a value of 6180 dpm/yl sample corresponded 
to the addition of 20 bases (i.e. 309 dpm/u 1/base) . 
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When these respective values were obtained the reactions 
were stopped by the addition of lOyl 0.5 M EDTA. 
Isolating tailed DNA 

The dG-tailed pGS15 DNA and dC-tailed ' Taq-OV DNA were 
isolated from other reactants by gel filtration on 
Sephadex . 

A sephadex G50 fine column was prepared using a 
siliconised glass pasteur pipette. Tailed DNA was eluted 
with Tris-EDTA buffer and 200 \il fractions collected. 
5 yl samples of each fraction were pipetted into 2 ml of 
scintillation fluid and counted. Fractions containing 
the first peak of activity, indicating tailed-DNA were 
pooled , 

Annealing dC-tailed and dG-tailed DNA 

The dG-tailed pGSl5 DNA and dC-tailed 'Taq-OV DNA were 
mixed in equimolar amounts to a final DNA concentration 
of lyg ./ml in Tris-EDTA buffer. The mixture was made IM 
with NaCl, The tube containing the annealing mixture was 
placed in a water bath at 65^C for 15 minutes. The water 
bath was turned off and allowed to cool slowly overnight. 
Transformation 

The hybrid DNA obtained was used to transform E.coli 
PA340.22. 

Prepa ration of Competent cells 

— — ' ' ' Q 

1, Iml of a PA340. 22 culture grown overnight at 37 C 

with shaking was pipetted into 100 mis of L. broth. 
Cells were incubated, with shaking, at 37*^C until 
an O.D. (E550 nm) of 0.5 was reached. Cells were 
cooled on ice for 30 minutes. 

2, Cells were harvested at 4^C and 2,000 rpm for 30 
minutes, washed in 0.5 volume of 0.1 M CaCl2 and 
resuspended in 5 mis of 0.1 M cold CaCl2. 

The following transformation mixture was prepared in 
r.5 ml Eppendorf tubes: 
lOyl DNA 
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5ul 20X standard saline citrate 

200ul competent cells 

85ul double distilled water 

Tubes were left on ice for 1 hour, placed in a water bath 
5 at 42°C for 2 minutes, then returned to ice for 1 hour. 
Each transformation mixture was transferred to 5 mis of 
L. broth and incubated, with shaking at 37°C for 30 
minutes . 

Cells were plated onto L.agar containing tetra- 
10 cycline (lOyg /ml). The Pst endonuclease site of pGSlS 
lies within the g-lactamase gene which confers resistance 
to Ampicillin. Transf ormants found resistant to tetra- 
cycline were tested for sensitivity to Ampiccilin 
(25yg /ml in L.agar). 

15 Nick Translation labelling of DNA 

20 yCi of (a32p)-dCTP was dried under vacuum into a 1.5 ml 
Ependorph tube. The following solutions were then added: 
2 yl 0.1 mM dTTP 
2 yl 0.1 mM dGTP 

20 2 yl 0.1 mM dATP 

25 yl TAQOV DNA (lyg) 

5yl 10 X Nick translation buffer (0.5 M Tris; 50mM.MgCl2; 

lOOmM BMSH; pH 8) 

14 yl 

25 The reaction was started by the addition of 1 unit of DNA 
polymerase I (Kornberg polymerase) (from Boehringer) 
("v 0.5yl), followed by gentle m.ixing , centrif ugation to 
remove bubbles and' incubation at 15°C for 90 minutes. 
The reaction was stopped by the addition of 100 yl Nick 

30 translation stop buffer (10 mM Tris; 10 mM EDTA; ^% SDS; 

0.2 mg/ml yeast t-RNA, pH 8), followed by phenol and ether 

extractions . 

The DNA was separated from the unreacted tri- 
phosphates on a Sephadex G50 fine column as above (Section 
35 "isolating tailed DNA"). 
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Colony Hybridisation 

Nitrocellulose filters (Schleicher & Schnell, 82 mm, BA85) 
were au toe laved for 15 minutes between filter papers 
wrapped in tin foil. The filters were then dried at 65^C 
for 2 hours. 

A sterile filter was carefully laid onto the agar 
surface of a petri-dish, containing tetracycline (lOpg/ml) 
Cultures or colonies to be screened for a particular DNA 
sequence were tooth-picked onto the surface of the filter, 
in a noted pattern. The petri-dish and filter were 
incubated overnight at 37^C and colonies grew on the sur- 
face of the filter. 

After growth the filter was carefully removed from 
the agar, and placed colony side up, in turn onto filter 
papers wet with ; 

1. 0.5 M.NaOH for 7 min 

2. 1 M. Tris pH 7.4 for 2 min 

3. 1 M. Tris pH 7.4 for 2 min 

4. 3 M.NaCl, IM.Tris pH 7.4 for 4 min 

The filter was then dried for 2 hours at BO^C under 
vacuum. 

Prior to hybridisation the filter was washed for 
3 hours at 65^C in Denhardts solution. The filter was 
then placed in a 9 cm glass petri-dish and 30 ml of de- 
gassed Denhardts solution added at 65°C, Approximately 
10^ Cherenkov cpm of the nick translated DNA probe, in 
0.5 ml degassed Denhardts solution was boiled for 10 
minutes, and added to the petri-dish containing the 
filter while hot. The dish was then sealed with tape, 
and incubated overnight at 65^C. 

After incubation the filter was washed 4 times 
in Denhardt's solution containing 1% SDS for 15 minutes 
each at 65^C, and finally for 1 hour in 3 x SSC + 1% SDS 
at 65^C. The filter was then dried at 65^0 for 3 hours. 

The filter was autoradiographed overnight using 
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Kodac X-omatic H films and a Kodac intensifying screen. 
After developing, colonies which contained the required 
sequence were shown as dark spots on the X-ray film. 
Immuno radiometric assay 
5 Antibody molecules adsorb strongly to the plastic poly- 
styrene and are not significantly dislodged by washing. 
This v/as the basis for an immunoradiometric assay used 
to determine the production of ovalbumin by E . coli and 
ASl cells harbouring hybrid plasmid DNA. 
;Lo Preparation of cell free extracts for E.coli trans formants 

A single colony was transferred to 5 ml of L. broth containing 
10 yg/ml of tetracycline and grown overnight, with agitation 
at 37^C. A 100 yl aliquot was serially diluted and plated 

to give viable counts per ml of culture. Cells were har- 
15 vested at 2000 rpm for 10 minutes and washed in 5 ml of 
phosphate buffered saline (PBS) . Cells were resuspended 
in 5 m.l of cold PBS and sonicated 6 x 15 seconds on ice 
using an MSE sonicator at maximum amplitude (Model no, 
150W) . Cell debris was centrifuged at 2,000 rpm for 10 
20 minutes and the cell free supernatant was used for the 

assay. Sonicated cell free extract of PA340.22 was used 
as a control. 

Polystyrene wells (7 mm diameter by 12 mm deep) 
were coated with anti ovalbumin immunoglobulin. 300 yl 
25 of 10 yg /ml antibody in 0.2M NaHC03 pH 9 . 2 was pipetted 
into each well and incubated at 37*^C for 5 hours. Wells 
were washed three times for 5 minutes each with wash 
buffer (PBS with 0.5% normal rabbit serum and 0.1% Bovine 
serum albumin) . In triplicate 300 yl of sonicated cell 
30 extract was pipetted into wells and released antigen 
allowed to bind overnight at 4^C. A standard antigen 
(sigma ovalbumin) was used, diluted in PBS. 

Following incubation, wells were washed three 
times and 300 yl of 125i anti -ovalbumin immunoglobulin 
35 was added (25 ng/ml ^^^I anti-ovalbumin , specific activity 
18 yCi/yg) diluted in wash buffer. Wells were incubated 
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at 37°C for 3 hours and washed. Individual wells were 
counted on a Gamma counter (LKB minigamma) . 



constructed and the cell extracts compared with this. 
As a measure of the immunoreactive ovalbumin-like 
material produced in E . coli and ASl strains containing 
hybrid plasmids , the dilution of each strain giving 50% 
of the maximum binding was taken to be equivalent to the 
mass of authentic material with the same counts. The viable 
cell count per ml of overnight culture and the equivalent 
amount of ovalbumin detected were used to calculate the 
number of molecules of ovalbumin-like protein produced 
per cell- 



A standard curve for the ovalbumin samples was 



Strain 



Molecules of ovalbumin produced/cell 



PA3 40. 22 (PGSIS-Taqov) 



28 molecules per cell 



PA340. 22 (pOMP2) 



222 molecules per cell 



ASl (PGSIS-Taqov) 



44 molecules per cell. 
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1. An autotrophic or methylotrophic bacterium com- 
prising foreign DNA and capable of producing as a metabolite 
a product which in its unmodified state the organism v/ould 
not produce . 

2. A bacterium according to claim 1 in which the 
foreign DNA is eukaryotic DNA. 

3^ A bacterium according to claim 2 in which the 

DNA is mammalian DNA . 

4^ A bacterium according to claim 3 in which the 

DNA is human DNA. 

5, An autotrophic or methylotrophic bacterium com- 

prising DNA capable of expression in the form of a 
metabolite which is biologically active in a different 
organism . 

5, A bacterium according to claim 5 in v/hich the 

metabolite is biologically active in a mammal. 

7. A bacterium according to any of the preceding 
claims which is a modified M.methylotrophus . 

8. A bacterium according to any of the preceding 
claims in which the foreign DNA encodes for a hormone, 
an antibiotic or antiviral material, 

9. A method for the introduction of foreign DNA into 
an autotrophic or a methylotrophic bacterium using a 
plasmid of one of the incompatibility groups N, Q or 

carrying the genetic material which it is desired to 
introduce into the bacterial cell. 

10. A method according to claim 9 in which the plasmid 
is a composite plasmid . 

11. A composite plasmid obtained by cleaving the 
plasmid R300B and effecting ligation in the presence 
of genetic particles derived from a different plasmid. 

12. A biosynthetic method comprising the steps of 
culturing an organism according to any of claims 1 to 8 
and extracting a metabolite of the organism from the 
culture medium or from the cultured bacterial cells. 
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